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Carbohydrates (47-75%) Proteins (10-17%) Lipids (4.2-8.9%) Minor constituents
e Starch e Globulins e Triacylglycerol: e Vitamins
e Saccharides e Albumins e Unsaturated * Minerals
e Dietary fibres fatty acids * Polyphenols
* [B-glucan * Phospholipids
e Arabinoxylan e Glycolipids

Alemayehu et al. (2023), Mao et al. (2021), Klose & Arendt (2012)



Challenges in oat-based (liquid and semi-solid) foods
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Texture & stability (dairy alternatives) —
* Sedimentation
* Creaming
* \iscosity

Nutritional limitations
* Poor extractability
 Antinutrients

@ Flavor issues
e Bitterness

e Off-notes by rancidity (lipids)

e Kilning!

Liet al. (2025), Yang et al. (2023), Asschemann-Witzel et al. (2020), Montemurro et al. (2021)

Opportunity for
fermentation technology?




Oat fermentation
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“Foods made through desired microbial growth and enzymatic
conversions of food components (ISAPP, 2021)”

@

Organic acids

I Iﬂ‘?? 0 Fermentable sugars ‘
% Vg (glucose, maltose,...) (and other metabolites)

o ¢
\\ ? Microbial growth '\\,

Oats are
heat-treated

(“kilned”)!

~
TS Endogexs enzymes Microbial enzymes

Amylase, protease, phytase, endoxylanase, B-glucanase

\ l
|

(Desired) changes in food matrix
(e.g. protein hydrolysis, fibre solubilisation, starch degradation,...)

Gobbetti & Génzle, 2023; Gdnzle, 2014, Gdénzle et al. 2008; Arte et al. 2015



Research questions
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Oat enzymes and fermentation — What is the contribution of oat endogenous
enzymes to the fermentability of oats?

Mitigating kilning — Can we overcome the effect of kilning on the oat
endogenous enzymatic system in the context of acidic food fermentation?

Oat fermentation and technofunctionality — What is the effect of acidic food
fermentation on the technofunctional performance of an oat drink model food?
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Oat enzymes and fermentation

* pH-dependent enzymatic activities of kilned and non-kilned oats
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Blontrock et al. (2025)
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* Fermentability of (non-)kilned oat suspensions: Experimental set-up

+ L. plantarum (Chr. Hansen /
+ sterile water Novonesis, DK)

(1:6 w/v ratio) 30°C
0,0,2,4,8,12,0or24 h

— (<)

™
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Kilned (K) and non-kilned (NK) NK or K defatted oat Fermented suspensions
defatted oat wholemeal (DOW) flour suspensions at different time points
Acidification

Microbial growth

@ Lactic acid production
Fermentable sugar
content
Protein extractability

Lambrechts et al. (2026)
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* Fermentability of (non-)kilned oat suspensions
7.0 10.0
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J <= = K-DOWC -—=-NKDOWC | 1 S Ammmmmm— ===
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| E 8.0 - ,_.."__Ezggwg m.'mzi:ggwg microbial analysis
4.0 O 1 --8--K-DOWC - ® —NK-DOWC (16S rRNA
] sequencing)
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Lambrechts et al. (2026)

Main findings:

enzymes

Fermentation time (h)

* The fermentability of kilned oats was much lower than that i
of non-kilned oats, likely due to a lack of oat endogenous |
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* Effect of fermentation on oat constituent extractability

100
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B-glucan extractability (%)
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Fermentation time (h)

25

Free/total phosphate (%)

C e NK-DOW
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Lambrechts et al. (2026)

Fermentation time (h)

%)

Arabinoxylan extractability |

Protein extractability (%)
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Fermentation time (h)

Main findings:

* Higer lactic acid production
and faster fermentable sugar
consumption in fermented
non-kilned vs kilned whole
meal suspensions

(but not kilned) oat
wholemeal flour suspensions
resulted in a large increase in
the arabinoxylan, B-glucan
and protein extractability and
in a reduction in phytate

i * Fermentation of non-kilned i
content
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Fermented non-kilned Fermented kilned oat
oat suspension suspension

24h

e (=)
MA~r ¢
Legend @® = Native protein % = Starch @ =Phytase
= Cell Wall # & =Hydrolyzed protein % = Hydrolyzed starch & = Amylase
"-._\\ = Solubilized XX = Phytate @ = Fermentable sugars @ = Dietary fibre degrading

dietary fibre < =Hydrolyzed phytate @ = Protease enzymes

10
Blontrock et al. (2025)
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Research questions

Oat enzymes and fermentation — What is the contribution of oat endogenous
enzymes to the fermentability of oats?

" e

Mitigating kilning — Can we overcome the effect of kilning on the oat
endogenous enzymatic system in the context of acidic food fermentation?

" e

Oat fermentation and technofunctionality — What is the effect of acidic food
fermentation on the technofunctional performance of an oat drink model food?

e

11
Liet al. (2025), Yang et al. (2023), Asschemann-Witzel et al. (2020), Montemurro et al. (2021)



Mitigating kilning
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e |dentification of kilning-induced hurdles for oat fermentability through enzyme

addition
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Lambrechts et al. (submitted)

Main findings:

the extent of acidification

Fermentation time (h)

25

Lactic acid (% of dm)
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* Both amylase and protease are necessary to improve the fermentability of kilned oats.
* Protease addition improves the rate of acidification, while amylase addition improves

Fermentation time (h)

12
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e Oat malt extract as a source of oat endogenous enzymes

Kilned oat suspension fermentability

Main findings:
"Ta "Te e Oat malt extract addition improves the
fermentability of kilned oat suspensions
6

» Suprisingly, oat (and wheat) malt addition

5 . -
s leads to increased extractability of non-
. hydrolysed oat proteins
3 3 ; ; ; ;
0 5 10 15 20 2
Fermentation time (h) Fermentation time (h) 10
8
6
4
2
Impact on oat constituent 0
eXtra Ctablllty? Elution time (min)
° Molecular weight markers ~ —=--- All proteins — starting material
—— Allproteins — Fermented with OME ——— | Extractable proteins - Fermented with OME
—— All proteins - Fermented with WME ——— Extractable proteins — Fermented with WME

13
Lambrechts et al. (submitted); Blontrock et al. (submitted)
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Research questions

Oat enzymes and fermentation — What is the contribution of oat endogenous
enzymes to the fermentability of oats?

" e

Mitigating kilning — Can we overcome the effect of kilning on the oat
endogenous enzymatic system in the context of acidic food fermentation?

" e

Oat fermentation and technofunctionality — What is the effect of acidic food
fermentation on the technofunctional performance of an oat drink model food?

e

14
Liet al. (2025), Yang et al. (2023), Asschemann-Witzel et al. (2020), Montemurro et al. (2021)
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K? extractability
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+ acidic food

fermentation step

destabilisation
phenomena

15
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* Experimental set-up
Kilned oat Non-kilned oat
o .- o L
S Reference Acid fed Fermented Reference Acidified Fermented  *All suspensions were made in duplicate
" EEE EEE . I S .-
5 o “ L o v Te ve Fermented = 24 h at 30 °C with
o l pH J J F’H J l F’H pH Lactiplantibacillus plantarum
g 6.4 6.4 3.4 3.4
e Centrifugation
82
55
Extract characterisation:
(T (T ([T () (I (I . Protein extractability

° . Protein MW distribution
g . B-glucan extractability
& . B-glucan MW distribution

* Viscosity

Emulsification ¢ ¢-potential
Wﬂ Oh 1 week
5 Hr—t +—» time

Emulsion characterisation
g over time:
B . Visual stability
S . Instability index
uEJ . Oil droplet size distribution

. CLSM

16

Blontrock et al. (in preparation)
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e Stability of oil-in-water emulsions against creaming
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LUMiFuge instability index
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Blontrock et al. (in preparation)
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e Stability of oil-in-water emulsions against creaming
Extract relative viscosity
H Reference (pH6.4) m Reference (low pH) m Fermented (24h) / \ LUM.F . t b.l.t . d
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80 i acidic food 10
7 I fermentation i 00 ; : : , , ,
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% 50 i * High MW B-glucans, i Time at 10 x g (s) Time at10 x g (s)
%40 ! released through i ——Reference ——Acidified ——Fermented
gzz i acidic food i
&0 i fermentation of i
0 27.5 i kilned oats, can act as !
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1 ]
: stabilizer in oat drinks | 18
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Blontrock et al. (in preparation)
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 Basic insights into the fermentability of plant-based matrices allows for
rationally designing food fermentation

 Comprehensive characterisation of fermentation-induced changes is necessary

* Food fermentation has the potential to improve the nutritional as well as
technofunctional profile of oat-based foods

e Research is still necessary
e Other food models and applications
* Oat constituent digestibility and health-related characteristics
* Microbial diversity, tuned towards the oat matrix, can be a real asset

19
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